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ABSTRACT 


Radio frequency (RF) spectrum is a limited, reusable resource. The next century’s 
ownership of this resource, and the policies which guide it’s usage, are being determined 
today. The spectrum requirements needed for the realization of Joint Vision 2010 are in 
direct competition with similar commercial needs worldwide. This thesis outlines the 
fundamental agencies, regulations and policies that govern the acquisition and 
management of the radio frequency (RF) spectrum. An understanding of Department of 
Defense (DoD), national, and international procedures for frequency management is 
critical to military acquisition professionals involved in the planning of future systems. 

This thesis will assist students and researchers at the Naval Postgraduate School in 
developing an understanding of spectrum management and acquisition policies as they 
relate to United States (US) joint military command, control and communications (C3) 
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EXECUTIVE SUMMARY 

Radio frequency (RF) spectrum is a limited, reusable resource. The next century’s 
ownership of this resource, and the policies which guide it’s usage, are being determined 
today. The spectrum requirements needed for the realization of Joint Vision 2010 are in 
direct competition with similar commercial needs worldwide. This thesis outlines the 
fundamental agencies, regulations and policies that govern the acquisition and 
management of the radio frequency (RF) spectrum. An understanding of Department of 
Defense (DoD), national, and international procedures for frequency management is 
critical to military acquisition professionals involved in the planning of future systems. 

A common requirement throughout the tenets of JV 20/0 and its subsequent service 
visions is the need for vast amounts of spectrum. This broad requirement demands not 
only the full utilization of existing and strained military spectrum, but also a marked 
increase in channelization if the bandwidth demands of JV 2010’s emerging technologies 
are to be met. Although this requirement is accepted and understood, it has largely gone 
unquantified. Much like many other commodities on the strategic battlefield, spectrum is 
resource that is limited and in high demand. The realization of JV 20/0’s intent of 


“information dominance” relies on our ability to: 


e Acquire the spectrum necessary for the employment of proposed systems 


e Successfully manage and apportion the spectrum we control 


In order to accomplish both of the above requirements, military C4I professionals 


first must gain an understanding of the complexities of national and international 
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spectrum allocation and assignment policies. This understanding will allow planners to 
design and acquire systems that can ensure uninterrupted operational capabilities. 

The international and US policies defined by the ITU, the FCC and the NTIA provide 
the foundation for, and guiding principles of, our national military spectrum resources. 
Military relocation and the rapid acquisition of spectrum-dependent technology, 
combined with an insatiable demand for available frequencies from commercial industry, 
has brought the issue of Federal spectrum to the forefront of government debate. As 
within the civil sector, military IT assets are increasingly more efficient, less expensive, 
and have become heavily reliant on RF spectrum access. What was once a fixed, 
available, and transparent asset, routine military RF spectrum access has now become a 
precious, contentious commodity requiring active management and flexible long-range 
planning. Overseas, the worldwide realization of commercial spectrum opportunities has 
imposed unprecedented new restrictions on operational access. Despite the urgency, 
temptation, or level of conflict, a disregard for host nation (or even hostile nation) 
allocations is likely to result in potentially extreme and debilitating interference within 
US systems. Unlike most other natural and physical resources, spectrum can not be 
captured, commandeered, or subjected to rationing. Existing international commercial 
and civil assignments, particularly those that are space-based, are impervious to the needs 
of military operations. Due to their significant coverage and power, rather than 
challenged or ignored, these civil and foreign military assignments should be identified, 
respected, and avoided. Thus the need for detailed frequency management and analysis 


within the acquisition, strategic planning, and operational community is now more critical 
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to US military interests than ever before. Recent sweeping Defense Reorganization 
Initiatives have sought to streamline and consolidate the agencies and policies which 
address spectrum management. 

In this new era of rapid Federal reallocation and regulatory change, acquisition 
professions and C4I planners are faced not only with new opportunities but with the 
potential for costly capability losses. Long-range planning, close coordination with the 
NTIA, and the exploration of commercial options will be essential in guaranteeing 
military users adequate spectrum for the realization of Joint Vision 2010. 

State-of-the-art technological exploitation of the RF spectrum can hinge on 
antiquated treaties and allocations dating back to the dawn of international radio 
regulation. Operational military employment of the RF spectrum is an end-state made 
possible by a successful, dynamic and comprehensive management, assignment, and 
allocation process. These processes must be linked and carefully coordinated to ensure 
that appropriate spectrum resources are available when and where required, and that our 
equipment assets are configured to take advantage of this availability. To accomplish 
this, the DoD-unique Spectrum Certification process is required for all planned systems 
entering the acquisition cycle. The Spectrum Certification process is the Defense 
Department’s principle means of ensuring that the required spectrum resources will be 
available when and where they are needed to support future operational requirements. 
Military acquisition professionals and contractors are ultimately faced with three choices 


for meeting the RF demands of their planned system: 
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(1) Utilize existing DoD allocated and approved spectrum in a traditional, assigned role 
(2) Develop new frequency schemes that promise to not interfere with existing allocations and/or 
assignments 


(3) Propose a change to national or international spectrum allocations and await resolution 


The Spectrum Certification process is characterized by broad DoD guidance 
contained within the Federal Acquisition Regulations (FARs) and specific yet unique and 
disjointed Service regulations. Spectrum Certification for new DoD systems requires, at 
a minimum, US military, Federal, and limited international approval. 

Expanding private sector needs, a dynamic regulatory environment, and targeted 
reallocations of Federal bandwidth are al! significant factors to be considered by military 
telecommunications planners. For obvious reasons, the military Spectrum Certification 
process is now being reviewed and updated by all services and agencies involved in 
frequency management. As with acquisition reform, the military can no longer 
financially or operationally afford the long, inflexible, and arduous process of existing 
certification. For spectrum resources already allocated to military applications, a lack of 
active regulatory involvement could result in the proverbial “rug” being pulled out from 
under military assets assumed to be secure in their assignments and availability. Only 
through a comprehensive understanding of, and involvement in, the issues, proposals, and 
politics of national and international spectrum allocation will the military be able to 


achieve the spectrum resources required for the 21° century and JV 2010. 
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I. INTRODUCTION 


A. BACKGROUND 
1. Joint Vision 2010 
a. The Need for Modernization 
Military forces around the globe are facing the unprecedented challenges and 
opportunities posed by the arrival of the Information Age. Rapid, ongoing developments in both 
military and civil information technology (IT) capabilities have necessitated a fundamental shift 
in our design, acquisition, and employment of command and control (C2) systems. Key 


amongst these developments have been: 


e The proliferation of the microcomputer 

e The ability to distribute information through local-area and wide-area networks (LAN/WAN) 

e Significant improvements in data transmission rates 

e Military preferences toward commercially available, off-the-shelf (COTS) hardware and software 


e Broad access to increasing amounts of satellite-based information 


In order to provide a road map for the effective and focused migration of United States 
(US) command, control, communications, computers and intelligence (C4]) assets, the Chairman 


of the Joint Chiefs of Staff (CJCS) published Joint Vision 2010. 


Today, America’s Armed Forces are the world standard for military excellence and joint 
warfighting. We will further strengthen our military capabilities by taking advantage of improved 
technology and the vitality and innovation of our people to prepare our forces for the 21" century. 
Joint Vision 2010 creates the template to guide the transformation of these concepts into joint 
operational capabilities [Ref. 1]. 


b. Service Visions 

The US Army, Navy, Air Force, and Marine Corps have published subsequent service 
visions in response to JV 2010. In Army Vision 2010, the US Army predicts that “bandwidth on 
demand will facilitate common understanding at all echelons and new antenna configurations 
will allow dissemination of ‘real time’ information on the move.” [Ref. 2] The Navy’s 
Copernicus series is “the unifying vision to ensure C4ISR systems respond to the warfighter, are 
fielded quickly, capitalize on technological advances and support warfighting concepts.” [Ref. 3] 
Concurrently, the Marine Corps has adopted Operational Maneuver from the Sea (OMFTS) and 
the C2 challenges it poses as the “transition from communications nets to information networks” 
[Ref. 4] is made. The Air Force’s Global Engagement response to JV 2010 recognizes the 
necessary migration of key military functions such as surveillance, reconnaissance, and 


communications from land and sea onto space-based platforms [Ref. 5]. 


c. Spectrum Demands of JV 2010 

A common requirement throughout the tenets of JV 2010 and its subsequent service 
visions is the need for vast amounts of radio frequency (RF) spectrum. This broad requirement 
demands not only the full utilization of existing and strained military spectrum, but also a 
marked increase in channelization if the bandwidth demands of JV 2010’s emerging technologies 
are to be met. Although this requirement is accepted and understood, it has largely gone 
unquantified. Much like many other commodities on the strategic battlefield, spectrum is 
resource that is limited and in high demand. The realization of JV 20/0’s intent of “information 


dominance” relies on our ability to: 


e Acquire the spectrum necessary for the employment of proposed systems 


e Successfully manage and apportion the spectrum we control 


In order to accomplish both of the above requirements, military C4I professionals first must gain 
an understanding of the complexities of national and international spectrum certification. This 
understanding will allow planners to design and acquire systems that can ensure uninterrupted 
operational capabilities. Equally critical is a network-wide realization of the technical skills 
required for innovative operational management of spectrum resources; skills which include 
collaborative planning and apportionment, network monitoring, and flexible, adaptive 
reassignment capabilities. A basic familiarization of RF regulatory history is helpful in order to 


understand the path that has led to our current spectrum acquisition and management processes. 


2. Beginnings of Radio 

Military usage of the RF spectrum in the US and abroad followed shortly after Marconi’s 
successful wireless demonstration and patent award in 1896. Seeing the potential for maritime 
safety and strategic naval applications, the United States, under the leadership of President 
Theodore Roosevelt, quickly equipped twenty-four naval ships and ten coastal stations by 1904 
[Ref. 6]. This initiative ushered in a experimental period of wireless telegraphy led largely in 


part by the United States military. 


The United States Navy is entitled to great credit for its part in the development of radio 
transmission. What private individuals or private electrical manufacturers may have dreamed 
about, the Navy technicians, with the resources of the nation behind them, were able to bring to 
pass [Ref. 7]. 


The opening days of World War I found German forces actively employing wireless technology 


as “the ether of the Channel was full of the smooth efficient wireless talk of her fleet as her ships 


and their bases exchanged messages in intricate cipher...[Ref. 7].” Allied forces quickly adopted 
a similar embrace of radio and by 1916 the long-haul transmission of speech was demonstrated 
across oceans and continents. The war’s conclusion in 1918 found that, although primitive, radio 
equipment common across land and sea had made its first indelible marks in the tactics, 


techniques, and procedures of modern warfare. 


3. Regulatory History 

a. The Dawn of International Regulation 

The history of communications regulatory agreements can be traced to the 1865 
Telegraph Convention, signed in Paris in 1865 [Ref. 8]. Long before World War I, international 
attention was directed at the necessity for the regulation of radio frequencies and equipment. In 
1903, the First International Radio Telegraphic Conference was assembled in Berlin.” [Ref. 9]. 
Ironically, this historic summit which included representatives from Austria, France, Germany, 
Great Britain, Hungary, Italy, Russia, Spain, and the US was convened to address commercial 
interoperability issues. The summit concluded with a draft agreement to establish an equipment 
protocol standard which would “ensure the exchange of messages without distinction as to the 
system of radiotelegraph used.” [Ref. 9] The Berlin conference that followed in 1906 marked the 
beginning of international regulation of radio communications and spectrum allocation. Not 
unlike today’s regulatory issues, this conference was again focused on standards, and more 
importantly, growing concerns over a world-wide market controlled by the then internationally 
unchallenged Marconi Company. The Conference’s strongest supporters were the “executive 


departments of government including the Army, Navy and Department of Commerce and 


Labor.” [Ref. 9] Regular conferences followed, leading to the eventual establishment of the 
International Telecommunications Union (UTI) at the 1932 Madrid Conference. Today, the ITU 
is the oldest agency within the United Nations (UN) organization and has set an historical 
precedent of cooperation and assistance, “...insulated from the ebb and flow of world politics.” 


[Ref. 8] 


b. US Development of Domestic Radio Frequency Regulations 

The Radio Act of 1912 represented the first US legislation addressing domestic 
spectrum allocation and provided separation between government, commercial and amateur 
wavelengths. By the mid-1920’s, the advent of wide-spread commercial broadcasting created 
three major concerns within Congress: (1) vested rights in the spectrum, (2), the basis or criteria 
for granting a license, and (3) the monopoly of radio equipment [Ref. 9}. A Congressional 
review of the 1912 act resulted in the Radio Act of 1927 which created a five-member Federal 
Radio Commission (FRC). The FRC was charged with regulating the allocation of bands, 
assignment of power and issuance of licenses. The 1927 act also gave the Secretary of 
Commerce authority to “assign call signs, inspect radio stations, and examine and license radio 
operators.” [Ref. 10] 

The Communications Act of 1934 created today’s clear separation between US 
governmental and commercial frequency regulation. This act, which is still in effect, created the 
Federal Communications Commission (FCC) for the regulation of interstate and foreign 
communications. The regulatory functions related to radio stations belonging to and operated by 


the US were conferred upon the President. The President’s responsibilities were later transferred 


to the Secretary of Commerce in 1978 and are today managed within the Commerce Department 


by the National Telecommunications Information Agency (NTIA). 


B. WHAT IS SPECTRUM ? 


Before the demands of modern military spectrum acquisition and management can be 
addressed, the bands within the RF spectrum, common usages, and spectrum terminology should 
be discussed. 

1. Frequency Bands 

Appendix A provides a chart of the electromagnetic spectrum that acts as a companion to the 


below table of frequency bands [Ref. 11]. 
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SEEN [| Store commnisins | NA 
ee || See [ee 
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Communications Public Safet 

300-3000 MHz Satellite Communications Mobile Satellite Services 

3 GHz-30 GHz Ku, Ka GMF 
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Table 1 — Frequency Bands 





A host of characteristics which include range, penetration, bandwidth, transportability and 
cost vary widely from band to band and make each particularly suitable (or unsuitable) for 


specific applications. 


2. Terminology 

The following terms form the foundation of spectrum management and are therefore 
provided. More comprehensive listings of related terminology are available in the Manual of 
Regulations and Procedures for Federal Radio Frequency Management [Ref. 12] and in 
Department of Defense (DoD) Directive 4650.1 Management and Use of the Radio Frequency 
Spectrum [Ref. 13]. 

Allocation (of a frequency band): — Entry in the Table of Frequency Allocations of a 

given frequency band for the purpose of its use by one or radiocommunication services 

[Ref. 9]. Designation of frequency bands for performing specific functions and services 

[Ref. 14]. 

Assignment: Authorization given by an administration for a radio station to use a radio 

frequency or radio frequency channel under specified conditions [Ref. 9]. 

Spectrum Certification: A process to determine and certify that electromagnetic (EM) 

frequencies, necessary for a system under procurement to accomplish its function, will 

be obtainable for the intended area of operation [Ref. 15]. 

Spectrum Management: Planning, coordinating, and managing use of the 

electromagnetic spectrum through operational, engineering, and administrative 

procedures, with the objective of enabling electronic systems to perform their functions 

in the intended environment without causing or suffering unacceptable interference 

[Retr 51.; 

Table of Frequency Allocations: The comprehensive official listing of frequency 


allocations which includes international, US government, and US non-government 


allotments. The Table of Frequency Allocations is contained within chapter four of the 
Manual of Regulations and Procedures for Federal Radio Frequency Management 


pei 


C. PIONEERING THE FUTURE SPECTUM REQUIREMENTS OF JV 2010 


The body of this research will address the challenges facing the acquisition and management 
of JV 2010’s demanding spectrum requirements through a review of spectrum regulatory 
agencies and procedures at the international, national, and DoD levels. Through an 
understanding of global spectrum acquisition and management, a concrete perspective can be 


gained for future JV 2010 system developers. 


Il. INTERNATIONAL AND FEDERAL SPECTRUM MANAGEMENT 


A. THE INTERNATIONAL TELECOMMUNICATIONS UNION 


1. General 

The International Telecommunications Union (1TU) is the international body responsible for 
‘international frequency allocations, worldwide  telecommunications standards and 
telecommunication development activities.” [Ref. 12] As discussed in Chapter I, the ITU is a 
specialized agency of the UN and is composed of over 185 countries as voting Members. Public 
and private organizations may also join the ITU as Sector members (“small-m”). There are 
currently 400 Sector members who may participate in Union activities and act in an advisory 
role. Sector members do not have voting nights. 

Although countries retain the absolute right to manage and govern the entire radio spectrum 
within their borders, the ITU Radio Regulations have Treaty status and form the foundation of 
US national and international frequency management policies. The purpose of the Union, as 


stated in its constitution, is [Ref. 16]: 


e To maintain and extend international co-operation between all members of the Union for the improvement 


and rational use of telecommunications of all kinds... 


e To promote the development of technical facilities and their most efficient operation with a view to 


improving the efficiency of telecommunications services... 
e To promote the use of telecommunications services with the objective of facilitating peaceful relations. 


e Toharmonize the actions of Members in the attenuation of these ends. 


2. ITU Radio Regulations 

The ITU Radio Regulations detail the agreements and procedures regulating (1) the 
allocation of frequency bands to services, (2) international frequency registrations, and (3) 
various “technical measures that have been given mandatory force in order to increase the 
efficiency with which the radio spectrum can be used.” [Ref. 16] These regulations include the 


ITU Table of Frequency Allocations (ITFA). Table 2 provides a sample extract from the ITAF. 
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Table 2 —-ITU Table of Frequency Allocations, Sample 
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The ITAF, which is found in Article 8 of the J7TU Radio Regulations, serves as a 
comprehensive listing of allocations from 9 KHz to 275 GHz. 
a. Allocations and Services 
The ITAF’s principal elements include allocations, services, and regions. <A 
radiocommunication service, as defined by the ITU Radio Regulations, is “a service involving 
the transmission, emission and/or reception of radio waves for specific telecommunication 
purposes.” There are currently 33 administrative services defined by the ITU. The ITU 
“service” concept is a regulatory issue which is important to government and military spectrum 
planners due to its consistent utilization throughout all echelons of frequency management. 
Table 3 lists several of the more common ITU services, their station class, and station description 


as listed in the NTTA Manual. 


* Note: NTIA symbols are shown due to their use in US documents 


Station Class* 


Broadcasting ee oe foun) 












Land Mobile 
Aeronautical 
Aircraft 


Table 3 — ITU Services and Station Classes 






b. Global Regions 

Some, but not all, of the frequency allocations designated by the ITU have been 
allocated to services by region vice globally without boundary [see Fig. 1]. This practice was 
instituted on historical practicality based on the differing needs of each region and on the desire 
to share frequency allocations when cross-region interference was determined to be unlikely. 
Based on past agreements, “these regional allocations exist in the LF, MF, VHF, UHF, and SHF 
bands and currently raise many sharing problems now that space radio systems operate in many 
parts of the spectrum.” [Ref. 16] Spectrum planners familiar with their own regional allocations 
may find that, once deployed, their radio systems are either unauthorized or susceptible to 
unexpected and detrimental interference. This situation can only be avoided through a successful 


and comprehensive system certification as discussed in Chapter IV. 


ITU Regions as Defined in the Table of Frequency 
Allocations 


Figure 1 — ITU Global Regions 
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c. The World Radio Conference 

The World Radio Conference (WRC) provides the means for [TU members to initiate 
changes to the ITU Radio Regulations. The WRC convenes every two years with the general 
scope of each conference’s agenda being approved four years in advance. At a minimum, 
conference agenda items must be submitted to the ITU two years in advance of a conference. 
From initial notification to formal change, modifications of the Radio Regulations and/or the 
ITAF can be expected to take from four to six years. For US interests, the WRC is attended by 


individuals from the NTIA and the FCC. 


d. International Frequency Assignments and the International Frequency Register 

Although the allocations provided by the ITAF serve to provide guidance for the usage 
of specific bands within the ITU regions, often a more specific assignment is required in order to 
prevent interference by reserving certain frequencies. Within the ITU, the Jnternational 
Frequency Registration Board (IFRB) manages the list of frequency assignments and 
geostationary satellite orbital positions known as the Master International Frequency Register 
(MIFR) [Ref. 10]. As previously discussed, all ITU Member-nations are free to utilize, assign, 
and regulate allotted spectrum within their boundaries as they so determine. If a planned 
assignment is expected to cause interference beyond national boundaries, or if the assignment is 
for international use, the administration must apply to the IFRB for inclusion into the MIFR. 
The more important details of the MIFR are published twice annually by the ITU as the 
International Frequency List (IFL). A Weekly Circular is also published containing the full 


information on all new frequency assignment notifications [Ref. 16]. 
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e. US National Assignments 

With few exceptions, the ITU’s regulations and allocations as ratified by the US 
government provide the framework for our national spectrum assignments. International border 
issues within our global region are resolved by international treaties which address co-region 
spectrum allocations. Several such agreements between the US, Canada, and Mexico are detailed 
in the NTIA Manual. The US Congress plays a critical role in determining the distinction 
between our nation’s assignments as being categorized for either Government or non- 
Government use and regulation. The amended Communications Act of 1934 grants coequal 
authority to the FCC and the NTIA for the management of their commercial and federal 
spectrum domains, respectively. Within the approximately 800 bands spanning the entire 0 to 
300 GHz allocated range, the US government has exclusive use of 1.4 percent, non-government 
users have exclusive use of 5.5 percent, and the remaining 93.1 percent is shared. Considering 
only the lucrative spectrum from 0 to 30 GHz, government exclusive allocations account for only 


7 percent, non-government for 30 percent, and the remainder (63 percent) is shared [Ref. 17]. 


B. US SPECTRUM MANAGEMENT AGENCIES 


1. The Federal Communications Commission 

The FCC is the senior federal regulatory agency for all non-governmental US domestic 
telecommunications activities. Within the FCC, the Wireless Telecommunications Bureau is 
responsible for “all FCC domestic wireless telecommunications programs and policies, except 


those involving satellite communications or broadcasting, including licensing, enforcement, and 
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regulatory functions.” [Ref. 18]. The /nternational Bureau of the FCC is responsible for all non- 
government satellite communications issues. 

The FCC plays a critical role in the WRC through its representation of US interests at the 
international level. In preparation for WRC-2000, the FCC is conducting technical analysis and 
preparing proposals with emphasis on the following subject areas: Non-geosynchronous orbit, 
fixed satellite service (NGSO-FSS)/geostationary orbit fixed satellite service (GSO-FSS) sharing 
issues; mobile satellite service (MSS) issues; spectrum allocation between 35 and 50 GHz; 
terrestrial issues; inter-satellite service links; maritime and aeronautical issues; broadcasting- 
satellite service (BSS) plan issues; and high frequency broadcast (HFBC) planning issues [Ref. 
19]. The FCC works closely with the NTIA on WRC issues before each conference to develop 
common positions and joint proposals. 

It is unlikely that military spectrum planners would require direct interaction or coordination 
with the FCC due to the services provided by the NTJA and the clear separation between 


governmental and non-governmental allocations. 


2. The National Telecommunications Information Agency 
a. General 
The NTIA is an agency within the US Department of Commerce and is “the Executive 
Branch’s principal voice on domestic and international telecommunications and information 
technology issues and, in this role, frequently works with other Executive Branch agencies to 
develop and present the Administration's position on these issues. In addition, the NTIA also 


manages the Federal use of the spectrum.” [Ref. 20] 


is 


b. The Interdepartment Radio Advisory Committee 

Chartered within the NTIA, the /nterdepartment Radio Advisory Committee (IRAC) 
performs the basic functions of “assisting the Assistant Secretary in assigning frequencies to US 
Government radio stations and in developing and executing policies, programs, procedures, and 
technical criteria...” [Ref. 21] As shown in figure 2, The IRAC is composed of representatives 
from US federal departments and agencies and is organized into subcommittees which assist the 
NTIA in a variety of areas including: spectrum planning, policy development, WRC preparation, 
and international liaison with the ITU [Ref. 21]. The US Defense Department is represented 
within the IRAC by service representatives from the Army, Navy, Air Force and Coast Guard. 
The Military Assignments Group (MAG) of the IRAC is chaired by the Department of the Air 
Force and is concerned primarily with frequency assignment actions within the 225-328.6 and 
335.4-399.9 MHz bands. Other military spectrum concerns are addressed within the appropriate 


IRAC subcommittees [Ref. 12]. 


Interdepartment Radio Advisory Committee (IRAC) 


Be A 
F otal PBA nt 
of 


Federal Government 
Radio Frequency Coordineton 


ENT F AA AUN 


Figure 2— IRAC Members 





16 


C. THE NATIONAL TABLE OF FREQUENCY ALLOCATIONS AND THE 
GOVERNMENT MASTER FILE 

The National Table of Frequency Allocations is composed of the US Government Table of 
Frequency Allocations and the FCC Table of Frequency Allocations. Chapter IV of the NTIA 
Manual contains a detailed listing of both the International and National Tables of Frequency 
Allocations. Appendix B is provided as a sample page from this listing [Ref. 12]. Similar to the 
ITU’s ITAF, when more than one service is allocated within a band, the services are designated 
as either PRIMARY, /PERMITTED/, or Secondary. The NTIA Manual classifies the relative 


status of these services as follows: 


Primary and permitted services have equal rights, except that, in the preparation of frequency plans, the 
primary service, as compared with the permitted service, shall have prior choice of frequencies. 


Secondary services are on a non-interference basis to the primary or permitted services [Ref. 12]. 


The allocations outlined in the National Table serve as a guide for the fulfillment of 
frequency assignments as required for domestic mission requirements. In order to request that a 
frequency be assigned for use, the requesting agency files an application with the NTIA, Office 
of Spectrum Management (OSM), for consideration by the Frequency Assignment 
Subcommittee (FAS) of the IRAC. If approved, the assignment is listed in the Government 
Master File (GMF) which is updated weekly. All current Government assignments are 
maintained in the GMF. The GMF is available to Federal agencies from the NTJA in CD-ROM 


format [Ref. 12]. 
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D. FEDERAL SPECTRUM REALLOCATION ISSUES 


What has historically been an area of regulation slow to change, US spectrum policy in 
recent years has become dynamic, unpredictable, and highly contested. The demands of new 
telecommunications technology have saturated the non-Governmental allocations and increasing 
requirements for commercial RF spectrum are inevitable. Realizing the revenue potential of 
domestic assignments, large segments of Governmental bands are planned to be, or have been 
transferred to the non- Governmental (FCC) sector and “allocation debates between the NTIA 
and the FCC are now punctuated by Congressionally mandated reallocations and auctions.” [Ref. 
22] A recent example of such policy is Title III of the Balanced Budget Act of 1997. Title III 
requires that at least 20 MHz of Federal use spectrum below 3 GHz be transferred to the FCC for 
assignment to non-Federal users. These reallocations have been submitted to Congress and 
become effective in stages between January 1999 and January 2008. Prior to Title III, the 
Omnibus Budget Reconciliation Act of 1993 reallocated 235 MHz to new spectrum-based 
technologies [Ref. 23]. To put the value of commercial frequencies in perspective, the entire US 
cellular industry operates on 50 MHz of spectrum [Ref. 24]. Unexpected, near-term 
reallocations are of significant concern to the Defense Department. Spectrum relocation costs 
for military telecommunications assets are predicted to “exceed one billion dollars assuming 
equipment can be retuned without extensive modification or replacement.” [Ref. 23] If system- 
wide replacements are required, these costs will be significantly higher. Table 4 shows the 


minimum projected cost for adjustment to spectrum losses created by Title III. 


NTIA Administrator Larry Irving summarized the challenge ahead with his remark: 
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“_.while the recent auction activity has made many aware of the price of spectrum, there are still too few 


who understand the value of spectrum.” [Ref. 22] 


Summary of Preliminary Federal Reallocation Costs 


Federal Agency Estimated Reallocation Cost 
Department of the Army $260 million 
Department of the Navy $251 million 


Department of the Air Force $520 million 












Federal Aviation Administration $10 million 


Department of Energy $2.1 million 






Department of Interior $1.76 million 







Department of Justice $7 million 





Department of the Treasury $3.5 million 


National Aeronautics and Space Administration $520,000 


United States Information Agency $100,000 
$1,056 billion 


Table 4— Summary of Federal Reallocation Costs 





E. CONCLUSION 


International and National spectrum management is a complex and dynamic regulatory 
process essential to US military telecommunications interests. In this new era of rapid Federal 
reallocation and regulatory change, acquisition professionals and C4I planners are faced not only 
with new opportunities but with the potential for costly capability losses. Long-range planning, 
close coordination with the NTIA, and the exploration of commercial options will be essential in 


guaranteeing military users adequate spectrum for the realization of Joint Vision 2010. 
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Il. DEPARTMENT OF DEFENSE SPECTRUM MANAGEMENT AGENCIES AND 
RESPONSIBILITIES 

The international and US policies defined by the ITU, the FCC and the NTIA provide the 
foundation for, and guiding principles of, our national military spectrum resources. Today over 
85 percent of our current force structure is based in the continental US (CONUS) [Ref. 22]. 
Military relocation and the rapid acquisition of spectrum-dependent technology, combined with 
an insatiable demand for available frequencies from commercial industry, has brought the issue 
of Federal spectrum to the forefront of government debate. As within the civil sector, military IT 
assets are increasingly more efficient, less expensive, and have become heavily reliant on RF 
spectrum access. The distinction between deployable military C4I equipment (a.k.a. “green 
gear’) and commercial equipment used to support military facilities and infrastructure has 
blurred with the recent explosive expansion of both technologies. What was once a fixed, 
available, and transparent asset, routine military RF spectrum access has now become a precious, 
contentious commodity requiring active management and flexible long-range planning. 
Overseas, the worldwide realization of commercial spectrum opportunities has imposed 
unprecedented new restrictions on operational access. Despite the urgency, temptation, or level 
of conflict, a disregard for host nation (or even hostile nation) allocations is likely to result in 
potentially extreme and debilitating interference within US systems. Even in the most austere 
and seemingly undeveloped environments, the proliferation of foreign military satellites and 
geostationary commercial MSS networks have ensured the likelihood of interference within our 
terrestrial systems. Thus the need for detailed frequency management and analysis within the 
acquisition, strategic planning, and operational community is now more critical to US military 
interests than ever before. Recent sweeping Defense Reorganization Initiatives have sought to 


ZI 


streamline and consolidate the agencies and policies which address spectrum management. 
These agencies, their responsibilities and their relation to one another are the subject of the 


remainder of this chapter. 


A. RELATIONSHIPS AND RESPONSIBILITIES WITHIN THE DEPARTMENT OF 
DEFENSE 

Although the agencies discussed within this chapter may appear to perform redundant roles 
within the DoD, these agencies and their subsequent duties are separated by either (1) 
hierarchical levels of influence and authority or (2) by basic functional areas of responsibility. 
An agency’s influence is centered at either the Departmental policy level, the Strategic level, or 
the Operational level. Tactical Frequency management is also performed by individual units but 
this level of detail is not addressed in this document. Each level’s directives and policies are 
subsequently reviewed by subordinates, further detailed (as required), and implemented. 
Functional responsibilities are related to possible combinations of acquisition, doctrine and 
directives, analysis, and operational support. Figure 3 portrays one interpretation of the general 
hierarchy and coordination observed by the principle DoD spectrum management agencies [Ref. 
14]. These relationships are not rigid and often tasks, policies, or analysis are assumed by the 
agency best equipped to support the requirement. Recent Defense Reform-driven restructuring 
has created an expected redefinition of each agency’s roles characterized by a period of mission 
exploration, redundancy, and gaps. As these roles are further defined and focused, the demands 
of emerging technology has ensured that new functional responsibilities will remain unclear as 


the Department strives to associate these duties with the agency best prepared to respond to these 


needlines. Fortunately, it appears that redundancy, rather than deficiency, is the current state of 


affairs as the Department reaches equilibrium throughout the spectrum management community. 
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B. SENIOR SPECTRUM MANAGEMENT AGENCIES WITHIN THE DEPARTMENT 


OF DEFENSE 


1. Office of the Assistant Secretary of Defense, Command, Control, Communications 
and Intelligence 

The Office of the Assistant Secretary of Defense, Command, Control, Communications and 
Intelligence (ASD C3I) is at the top of the DoD spectrum policy pyramid and operates at the 
policy level of spectrum management. ASD C3] is the principle staff assistant to the Secretary 
of Defense for the development, oversight, and integration of DoD policies related to the 
Department’s strategy of J/nformation Superiority [Ref. 25]. Figure 4 displays the ASD C3I 


organization. 


Defense Information Systems Agency 


\ Fess toon Agen, | 
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OSD C3! 


Senior Civilian Official for the Office of the ASD (C31) 
DoD Chief Information Officer 


Deputy Assistant Secretaries of Defense for : 
Programs & CIO Policy & Implementation C4ISR intelligence Security and 
Evaluation Deputy CIO & Space Information Operations 


Figure 4 — ASD C3] Organization 





The ASD C3]I functions include information management, C2, communications, information 
operations, security, space systems policy, intelligence, surveillance, and reconnaissance. The 


ASD C31] also serves as the Department’s Chief Information Officer (CIO). 
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ASD C3I supervises the Department’s spectrum management efforts by publishing broad 
policy directives, acquisition supervision and detailed support through it’s Executive Agent, The 


Defense Information Systems Agency. 


The Defense Information Systems Agency 

A key component of ASD C3] 1s the Defense Information Systems Agency (DISA). DISA is 
the DoD’s principal manager of the vast Defense Information Infrastructure (DIJ) and as such 
addresses spectrum issues at all levels of influence. The DII is composed of the Defense 
Information System Network (DISN), the Defense Message System (DMS), the Global Command 
and Control System (GCCS), and the Global Combat Service Support System (GCSS). DISA has 


defined its mission as: 
To plan, engineer, develop, test, manage programs, acquire, implement, operate, and maintain 
information systems for C4] and mission support under all conditions of peace and war. [Ref. 26] 
To accomplish this mission, DISA is organized into eight Organizational Staff Sections, D1 
through D8, with responsibilities which include Manpower, Program Integration, Operations, 
Acquisition, Plans and Policies, Engineering, Requirements Analysis, and Modeling and 


Simulation. 


a. The DISA Office of Spectrum Analysis and Management 
The D3, Operations, section contains the DISA Office of Spectrum Analysis and 


Management (OSAM). The OSAM mission 1s defined as: 


The Office of Spectrum Analysis and Management (OSAM) is the focal point within the DoD as the 
technical office of expertise for spectrum management issues. They coordinate analytical support, ensure 
consistent enforcement of spectrum management policy and procedures DoD-wide, and position DoD to 


ensure spectrum access into the 21“ Century. [Ref. 27] 
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OSAM is best characterized as an interpreter of policy for the dcvereuaaill of strategy assisted 
by operational input. Within this role, OSAM performs such functions as technical analysis of 
legislation affecting Federal spectrum, spectrum certification assistance, requirements analysis, 
international notification of new DSCS satellites, and coordination of the development of new 
spectrum management technologies. In order to facilitate coordination and cooperation, each 
service’s senior frequency management agency is collocated with OSAM. These offices include 
the Naval Electromagnetic Center (NAVEMCEN), the Army Communications Electronics 


Command (CECOM), and the Air Force Frequency Management Office (AFFMO). 


b. The Joint Spectrum Center 

As a DISA Executive Agent and Field Organization, the Joint Spectrum Center (JSC) is 
tasked with ensuring “the effective use of the electromagnetic spectrum in support of national 
security and military objectives." [Ref. 28] As the technical arm of DISA’s spectrum effort, JSC 
validates strategic concepts through the active support of operational efforts. A combination of 
extensive resources, experienced expert personnel, and comprehensive databases have 
established JSC as the Defense Department’s most capable spectrum support agency. The JSC 


Core Competencies are listed as: [Ref. 29] 


e Spectrum Planning — supporting the warfighter’s spectrum requirements by assisting in spectrum 
policy planning, spectrum certification and frequency assignment planning. 

e System Acquisition Support — providing the most cost-effective approaches to ensuring that 
warfighter communications-electronics systems will function effectively and compatibly in their 
intended electromagnetic environment. 

e Modeling and Simulation — incorporating electromagnetic environmental effects (E’) into DoD 


models and simulations used for test, training and acquisition. 
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© Operational Support — providing direct spectrum management and interference resolution support 

to the warfighting CINCs and Military Departments. 

e Information Systems — supplying the databases, E° tools, and battlefield spectrum management 

systems used by our warfighting forces. 

JSC is responsive to support requests from all echelons within the US military. Component 
representatives from each service branch are assigned to JSC and provide direct liaison to unit 
customers at all levels of command while supervising the completion of product requests. 
Examples of JSC product support include: multi-service design and development of 
Identification, Friend or Foe (IFF) systems, US Army RAH-66 Comanche electromagnetic 
compatibility (EMC) services, US Navy EM interference analysis for the Pointer unmanned 
aerial vehicle (UAV), US Marine Corps Assault Amphibious Vehicle (AAV) cosite interference 


resolution, and ongoing US Air Force support for the Global Positioning System’s (GPS) 


EMC/EMI] analysis [Ref. 29]. 


2. The Chairman of the Joint Chiefs of Staff, J-6 

The Directorate for Command, Control, Communications and Computer Systems (J-6) 
within the Joint Staff has the following mission: [Ref. 30] 

The Director for Command, Control, Communications and Computer (C4) Systems (J-6) is charged with 

providing advise and recommendations to the Chairman of the Joint Chiefs of Staff and to the Joint 

Chiefs of Staff, as directed by the Chairman, on C4 matters. J-6 will develop policy and plans, monitor 

programs for joint C4 systems, and ensure adequate C4 support to CINCs, NCA, and all joint warfighters 


for joint and combined military operations. J-6 will lead the C4 community, conceptualize future C4 


systems architectures, and provide direction to improve joint C4 systems. 


Resident primarily within the strategic layer of spectrum management, the JCS J-6 transcends 


each layer based on a variety of functional responsibilities. Reference 59 details the forty-three 


oH 


specific functions of the JCS J-6, many of which involve executive oversight of C4 systems and 
policies involving the uses of RF spectrum. One of these functions specifically tasks the J-6 to 


serve as the Chairman of the Military Communications-Electronics Board (MCEB). 


3. The Military Communications-Electronics Board 

The MCEB serves to coordinate policy and strategy within the DoD by providing a flexible, 
well represented forum to address C4l]-related issues. Tasked by the ASD C3] to chair the Board, 
the CJCS J-6 is responsible to: [Ref. 31] 


e Obtain coordination among DoD components, between the Department of Defense and other 
Governmental Departments and Agencies, and between the Department of Defense and the 


representatives of foreign nations as to matters under MCEB jurisdiction. 
e Provide guidance and direction to the DoD components. 
e Furnish advise and assistance as requested. 


Although administratively supported by the CJCS J-6, the MCEB is perhaps the Defense 
Department’s most diverse and well represented forum regarding spectrum management policies 
and acquisition. As a “steering committee” vice a standing agency, the MCEB operates across, 
and is represented by, each echelon of responsibility. This cooperative and flexible organization 
is characterized by an intentionally unrestrictive and overarching charter which allows for the 
resolution of issues that might otherwise be hindered by compartmentalization. The Board is 
formally composed of the CIOs from the Navy, Army, Air Force, Marine Corps and Coast 
Guard, and the Directors of DISA, NSA, and DIA. The Board’s spectrum-related functions 
include inter-Department conflict resolution, policy guidance and development for RF 


management, and the development and review of joint and allied C-E operating procedures [Ref. 
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31]. The MCEB also is responsible for managing the Frequency Resource Record System 
(FRRS). As defined in Joint Publication 6-02, FRRS includes a frequency assignment database, 
a proposal preparation and validation capability and proposal coordination and approval 
notification.” [Ref. 32] The FRRS frequency assignment database represents the military 
equivalent of the Federal GMF. The MCEB’s specific role in program acquisition is discussed in 


Chapter Four. 


C. THE UNIFIED COMBATANT COMMANDS 
The operational military forces and assets of the United States are organized by global 
responsibility into nine distinct Warfighting Commander-in-Chiefs (CINCs) or Unified 


Combatant Commands. 


The operational chain of command runs from the President to the Secretary of Defense to the 
Commanders of the Unified Combatant Commands. The Chairman of the Joint Chiefs of Staff functions 
within the chain of command by transmitting to [the Commanders] the orders of the President or the 


Secretary of Defense. [Ref. 33] 


Functioning at the operational level of spectrum management, each CINCs J-6 staff section 
contains a Joint Force Commander’s Frequency Management Office (JFC FMO) which is 
responsible for spectrum management throughout the CINCs Area of Operations (AQ) [Ref. 32]. 
To assist in the administration of these duties, Area Frequency Management Offices (AFMO) 
support the requirements and requests of forces, posts, bases and stations within their sub-region. 
Below the AFMO, each major post, base and station also has a frequency management section 


which, in turn, is responsible for the daily spectrum-related operations aboard their facility. 
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Finally, the major commands stationed aboard a particular base (such as JI MEF at Camp 
LeJeune, or XVIII Airborne Corps at Fort Bragg) have an assigned Frequency Manager within 
the Commanding General’s (CG) G-6 (Signal or Comm-Elec) section for the tactical 
management of frequency assignments and policy. Below this level, the duties extend down to 
the tenant brigades, wings, and/or regiments. Frequency management responsibilities at this 


echelon are normally handled as an additional duty by the unit’s signal officer (S-6). 


D. REFERENCES AND DOCTRINAL PUBLICATIONS 
The following directives and publications represent the principal documents outlining 
Defense Department spectrum management and policy: 
¢ DoD Directive 4650.1 — Management and Use of the Radio Frequency Spectrum 
e DoD Directive 5100.35 — Military Communications Electronics Board 
e CJCSI 3220.01 — Electromagnetic Spectrum Use in Joint Military Operations 


e Joint Publication 6-02 — Joint C4 Principles, Planning and Management 
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IV. THE SPECTRUM CERTIFICATION PROCESS 


A. INTRODUCTION 

State-of-the-art technological exploitation of the RF spectrum can hinge on antiquated 
treaties and allocations dating back to the dawn of international radio regulation. As discussed 
in the previous chapters, operational military employment of the RF spectrum is an end-state 
made possible by a successful, dynamic and comprehensive management, assignment, and 
allocation process. These processes must be linked and carefully coordinated to ensure that 
appropriate spectrum resources are available when and where required, and that our equipment 
assets are configured to take advantage of this availability. To accomplish this, the DoD-unique 
Spectrum Certification process is required for all planned systems entering the acquisition cycle. 
Spectrum certification is “a process to determine and certify that electromagnetic (EM) 
frequencies, necessary for a system under procurement to accomplish its function, will be 
obtainable for the intended area of operation.” [Ref. 15] US military equipment spectrum 
certification is challenged by the fact that tactical RF equipment is deployable orate and as 
such is subject to a dizzying array of international allocations. This challenge brings to light the 
utility of the ITU’s regional allocations by band. This agreement has sectionalized the RF 
spectrum into common usage segments simplifying the general identification of bands by 
service. Military acquisition professionals and contractors are ultimately faced with three 


choices for meeting the RF demands of their planned system: 


(1) Utilize existing DoD allocated and approved spectrum in a traditional, assigned role 
(2) Develop new frequency schemes that promise to not interfere with existing allocations and/or assignments 


(3) Propose a change to national or international spectrum allocations and await resolution 


The spectrum certification process is characterized by broad DoD guidance contained within 
the Federal Acquisition Regulations (FARs) and specific yet unique and disjointed Service 
regulations. Spectrum certification for new DoD systems requires, at a minimum, US military, 


Federal, and limited international approval as shown in Figure 5. 





Figure 5 — Certification Requirements 


In order to document, assess and revise current processes, OSAM has published the 
Certification of Radio Frequency Dependent Systems |[Ref. 34]. This reference details each 
Service’s current spectrum certification process and provides recommendations for revision. 


Specifically, OSAM’s effort is striving to: 


...integrate the existing service-specific Spectrum Certification processes into a single, efficient 
process, and to specify the technical infrastructure that must be acquired or developed support a future 


DoD common Revised Spectrum Certification Process.. 


This chapter will summarize the current process within the US Navy and address subsequent 


issues associated with military spectrum certification. 
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B. FEDERAL REQUIREMENTS 

Spectrum certification for military acquisition programs is addressed by the the Defense 
Department in DoD 5000.2-R Mandatory Procedures for Major Defense Acquisition Programs 
and Major Automated Information Systems. Further requirements are defined in the DoD 
Federal Acquisition Regulation Supplement. Combined with the specific procedures outlined in 
MIL-HDBK-237, the frequency allocation stages for an RF system are linked to a project’s 
acquisition phases as shown in Figure 6. [Ref. 34] 

At the Federal level, both the Defense Department and the NTIJA are actively involved in 


this certification process also known as J-/2 process. 
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Figure 6 — Frequency Allocation Stages 





1. The NTIA Review 
Within the NTIA, the Spectrum Planning Subcommittee (SPS) of the IRAC is tasked with 
reviewing each system for electromagnetic compatability and potential interference. The 


IRAC’s Frequency Assignment Subcommittee is responsible for the ultimate assignment within 


US military allocated spectrum, if available and approved. The NTIA SPS submission 
represents the start of one significant evaluation within the overall certification process. 
Depending on the service branch, this submission may be pursued before, during, or after a 


submission is made to the MCEB’s J-12 working group. 


2. Defense Department Review 

The MCEB J-12 Permanent Working Group reviews and screens new applications 
forwarded from the individual services. The application is then forwarded and screened by the 
MCEB Frequency Panel for further analysis, action, and ultimately, final consideration for 
certification. The MCEB also coordinates foreign reviews of the proposal through each Unified 
Combatant Commander’s J-6 FMO. An overview of the certification process at the National 
level is shown in Figure 7. “Each host nation must certify that frequency support is available 
before a system can be deployed to that country.” [Ref. 34] Foreign approval, combined with the 


MCEB certification represents two major milestones on the certification process. 
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Figure 7 — National Certification Process 
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Throughout this evaluation, the JSC provides technical and EM compatability analysis in 
support of the J-12 process. Following a system’s certification, the JSC adds the equipment’s 


parameters to its Space and Communications System (SCS) databases. 


C. THE NAVY J-12 PROCESS 


As discussed earlier, Service policies for spectrum certification vary yet each must 
accomplish (1) Service internal authorization, (2) NTIA allocation and (3) MCEB allocation 
which includes foreign and host nation approval. The Navy J-12 process is outlined in Figure 8. 
OSAM’s Certification of Radio Frequency-Spectrum Dependent Systems summarizes the Navy’s 


process as follows: 


The Chief of Naval Operations, CNO OP-941F has approval authority for all Navy and Marine Corps 
systems. The Naval Electromagnetic Spectrum Center (NAVEMCEN) is CNO’s agent in frequency 
spectrum matters, NAVEMCEN personnel represent the Navy on the J-12 Working Group and the SPS. 
Applications submitted to CNO are reviewed by NAVEMCEN and then submitted to the necessary 
reviewing agencies (J-12 WG, SPS, and MCEB for foreign coordination). Upon successful completion of 


all reviews, CNO forwards an approval letter to the submitting officer. 


The Navy process as outlined above is reassessed throughout the acquisition cycle for each 


Frequency Allocation Stage. OPNAVINST 2400.20E defines this requirement: 


An allocation for frequency Allocation (DD 1494) will be prepared, marked for the correct stage 

of procurement, and submitted to CNO (OP-941F): 

e As early as possible during concept formulation (Stage One) and during demonstration and 
validation (Stage Two). 

e When equipment development progresses to a full-scale development stage...(Stage Three). 

e When procurement of a commercial equipment or system for military use is being planned 
(Stage Four). 

e When a change occurs in any of the stated conditions of electromagnetic parameters of an 
equipment for which a frequency allocation was previously approved, or pending approval... 
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The Navy’s process effectively addresses the three requirements of (1) military (MCEB), (2) 


national (NTIA-SPS) and (3) international (host nation) approval for allocation. Although there 
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Figure 8 — US Naval Certification Process 





is no clearly better or worse service certification process between the Navy, Army, and Air Force 
processes, the amount of effort expended by each service within their unique processes calls to 
question the overall efficiency at a Joint level as each broach national and international approval. 

Perhaps the most accurate overview of our modern military’s search for available spectrum 
in support of new acquisition programs is outlined within OPNAVINST 2400.20E: 


Normally, frequencies of operation for new equipment or systems are selected from bands 
allocated to the appropriate radio service or to similar systems. In certain cases, after due 


consideration for the protection of existing primary services and of the possible operational 
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restrictions to the newly developed equipment, the developer may propose other frequency 
bands for operation. In such extraordinary circumstances, operational, technical, and economic 
justification must be provided with the allocation application. Technical justification must 
demonstrate that the proposed system will not degrade the electromagnetic compatibility of the 
current environment. Proposed out-of-band systems will always have secondary status and may 
only operate on a not-to-interfere basis (NIB) to established services. However, nothing in this 
instruction is intended to impede research toward the development of C-E systems that are 


necessary to increase the combat effectiveness of the USN or USMC. 
D. SUMMARY 

The Spectrum Certification process is the Defense Department’s principal means of ensuring 
that the required spectrum resources will be available when and where they are needed to support 
future operational requirements. Expanding private sector needs, a dynamic regulatory 
environment, and targeted reallocations of Federal bandwidth are all significant factors to be 
considered by military telecommunications planners. Unlike most other natural and physical 
resources, spectrum can not be captured, commandeered, or subjected to rationing. Existing 
international commercial and civil assignments, particularly those that are space-based, are 
impervious to the needs of military operations. Due to their significant coverage and power, 
rather than challenged or ignored, these civil and foreign military assignments should be 
identified, respected, and avoided. For obvious reasons, the military Spectrum Certification 
process is now being reviewed and updated by not only OSAM but by all services and agencies 
involved in frequency management. As with acquisition reform, the military can no longer 
financially or operationally afford the long, inflexible, and arduous process of existing 
certification. For spectrum resources already allocated to military applications, a lack of active 


regulatory involvement could result in the proverbial “rug” being pulled out from under military 


a7 


assets assumed to be secure in their assignments and availability. Only through a comprehensive 
understanding of, and involvement in, the issues, proposals, and politics of international 
spectrum allocation will the military be able to achieve the spectrum resources required for the 


21 century and JV 2010. 
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NTIA ALLOCATION TABLE EXTRACT 


APPENDIX B. 











> 
* 





g 











NOL LYOLAYWNOLUNd WOLCOVROUaY 
Fofte-9 Ble 


NOLLEVILAVNOLOVY 
TVS TLOVNOUIVN 


NOL IMENT AYNOLUVU 
INO LUCNNCEOY 





e S€E=-9 BCE 





*pury 
STC UT SVy 
-UGNESsrJ Pe ivA] 
-@5 UO SéD]ALAR 
Aaeypey pw 

ayy UY BUOT= 
-BOP,ULWLOD TOAL 
i909 ctljeaa att 
SepTsord wd FL 






BES 






AWONCELSY Cicra 
aTIAaCH 
VENT 
SG ECE-ZCE 
Te3 






“OTS Leo 





at1acH 
JAXIS 
S22 -STE 
WIG Lye (eveds-o}-Ly4eyg) OY. psyeg-s; 14oW 
ATIG OU 
IIRIG 
STL~-CTe 


—- ew 


ATTICA 
aqaxid 
ZTE £22 





Lb9 





JTIGK 
GIXIe 
(u31eg-045 oceds; KOoIGvyaIdS eovds 








Vicaeee 





“URY 
BpYA usr E659 
-WOrDIaIy PyyAcotT 
-@fF UG CanyTarec 
Aawyes iw 

ay 02 SUuct3 
-ROTUMMCSS [OIA 
-VOD HTZFEAQ ATC 
wappeoud Wwe Sut 











{y.7eg-O]-a0Panr) uop{zerads aceds 
-TTEON 
Caxr3 











ETTEOA 
OFX 


BOT3UD0TTY 
JUSBILIZADZ 
_ SALVIS GALINN 





BOLJEIOTTY 
JOIwUIFA0D-BON 











4] 


THIS PAGE INTENTIONALLY LEFT BLANK 


42 


No 


LIST OF REFERENCES 


Chairman, Joint Chiefs of Staff, “Joint Vision 2010.” 


Department of the Army, “Army Vision 2010,” 
http://www2.army.mil/2010/information_superiority.htm, May 1999. 


Department of the Navy, “Copernicus: C4I for the 21“ Century.” 
Headquarters Marine Corps, “Operational Maneuver from the Sea.” 
Department of the Air Force, “Global Engagement: A Vision for the 21* Century.” 


Space and Naval Systems Warfare Command, “Mobile User Objective System (MUOS) 
Performance Specifications (MPS) for Concept Exploration (Draft),”” March 1999. 


Gleason L. Archer, History of Radio to 1926, New York, American Book-Stratford Press, 
1938. 


Edward McWhinney, ed., The International Law of Communications, Dobbs Ferry, NY, 
Oceana Publications, 1971. 


Federal Communications Commission Document PB85-204550, Spectrum Management 
Policy in the United States-An Historical Account, April 1985. 


. Frederick Matos, ed., Spectrum Management and Engineering, New York, IEEE Press, 


1985. 


. Department of Defense, C*ISR Handbook for Integrated Planning, April 1998 Revision. 


. National Telecommunications and Information Administration, Manual of Regulations and 


Procedures for Federal Radio Frequency Management, rev. May 1997. 


. Assistant Secretary of Defense (C31), Department of Defense Directive 4650.1, 


Management and Use of the Radio Frequency Spectrum, June 24, 1987. 


. Rebecca M. Cowen-Hirsch, “Spectrum Management and Space Spectrum Management 


Issues,” Presentation, Joint Spectrum Center, 1999. 


. Joint Spectrum Center, Electromagnetic Environmental Effects and Spectrum Certification, 


Compact Disk Presentation, January 1999. 


. D.J. Withers, Radio Spectrum Management, London, Peter Peregrinus Ltd., 1991. 


. National Telecommunications and Information Administration, “Myths vs Realities,” 


http://www.ntia.doc.gov/ntiahome/myths.html, May 1999. 


43 


18. 


ey 


zy, 


Ze 


wae 


24. 


De 


20: 


2h 


28: 


Zo 


30) 


ph 


Federal Communications Commission, Wireless Telecommunications Bureau, “Who Are 
We,” http://www. fcc.gov/wtb/organization/, May 1999. 


Federal Communications Commission, “WRC-2000 Guiding Principles,” 
http://www.fec.gov/ib/WRC00/guiding.html, April 1999. 


National Telecommunications and Information Administration, “NTIA Facts,” 
http://www.ntia.doc.gov/ntiahome/ntiafact050698.htm, April 1999. 


National Telecommunications and Information Administration, “IRAC Functions and 
Responsibilities,” http:/Awww.ntia.doc.gov/osmhome/iracdefn. html, May 1999. 


Department of Defense, “DoD Report to Congress on Spectrum Requirements.” Booklet. 


. U.S. Department of Commerce, National Telecommunications and Information 


Administration, “Spectrum Reallocation Report — Response to Title III of the Balanced 
Budget Act of 1997,” Report, February 1998. 


Hearing Before the Subcommittee on Telecommunications, Trade, and Consumer Protection 
of the Committee on Commerce, U.S. House of Representatives, “Spectrum Management 
Policy,” Serial Number 105-10, February 12, 1997. 


Assistant Secretary of Defense (C31), “OASD C3I Organization,” 
http://www.c3i.osd.mil/org/index.html, May 1999. 


Defense Information Systems Agency, “DISA Mission and Mandate,” 
http://www.disa.mil/missman.html, May 1999. 


Defense Information Systems Agency, “Office of Spectrum Analysis and Management,” 
http://www.disa.mil/d3/depdirops/spectrum/index.html, April 1999. 


Joint Spectrum Center, “JSC Mission and Functions,” http://www.disa.mil/line/jsc.html, 
May 1999. 


Joint Spectrum Center, “A Guide to Capabilities and Services,” Booklet. 


Chairman, Joint Chiefs of Staff, “J-6 Mission and Functions,” http://www.dite.mil/jcs/j6/m- 
and-f.html, May 1999. 


. Assistant Secretary of Defense (C31), Department of Defense Directive 5100.35, Military 


Communications-Electronics Board, March 10, 1998. 


Chairman of the Joint Chiefs of Staff, Joint Publication 6-02, Doctrine for Employment of 


Operational / Tactical Command, Control, Communications and Computer Systems, 
October 1, 1996. 


44 


33. Department of Defense, “Unified Combatant Commands,” 
http://www.defenselink.mil/pubs/almanac/unified.html, May 1999. 


34. Defense Information Systems Agency, Office of Spectrum Analysis and Management, 


Certification of Radio Frequency Spectrum-Dependent Systems (Draft), IIT Research 


Institute, October 1998. 


THIS PAGE INTENTIONALLY LEFT BLANK 


46 


INITIAL DISTRIBUTION LIST 


Defense Technical Information Center................. ccc ccc cece ccccceececccucceeecevccuncence 2 
8725 John J. Kingman Rd. STE 0944 
Ft. Belvoir, Virginia 22060-6218 


Pewee vam OX uPE NORA perature ad Ven tori reer tots Accra eae Ct te ar SnD. RA 2 
Naval Postgraduate School 

411 Dyer Rd. 

Monterey, California, 93943-5101 


Dirccton, Praline amdie auc alomn. (ak, comets auton mos esal nae ak eae ote eee l 
MCCDC, Code C46 

1019 Elliot Rd. 

Quantico, Virginia 22134-5027 


Director Viamne Corps Kescarchy Center sa... ere een eerie ee ee 2 
MCCDC, Code C40RC 

2040 Broadway Street 
Quantico, Virginia 22134-5107 


Director studies and Analysis visions 45.6.5 atece awe ner eee ae eee l 
MCCDC, Code C45 

300 Russell Road 

Quantico, Virginia 22134-5130 


DN Sitene) coten pa eat NL sig act eee atop ce tacos ee Racer ies Nata xs Tosco ay cae arcane eae eee rN l 
N52 (SATCOM Plans and Policy) 

Naval Space Command, 

5280 Fourth St. 

Dahlgren, Virginia 22448-0001 


PrOressOr On ala Waa SW OREM a seiqas oct: cere mesci ates AA ee neon eect ee ee ee 2 
Department of Electrical and Computer Engineering (ECE) 
Naval Postgraduate School 

411 Dyer Rd. 

Monterey, California, 93943-5101 


Pe Ge ave VEU ACh ge 8 ace ops se tetsparns ace santo actors aero eae na ee l 
Command, Control and Communications (C3), Code 39 

Naval Postgraduate School 

411 Dyer Rd. 

Monterey, California, 93943-5101 


47 


Major Jonathan P. COOK... 0 c5 iri cece ccna ce cece ec Se aim meeere ete tra eee eee eee 
Joint Interoperability Test Command 

Building 57305 

Fort Huachuca, Arizona, 85613-7020 


The MITRE Corporation: .iiccecssechiiiaawns hace ete eee ee 53. 
Attn: Mr. Karl Trithler 

234 S. Fraley Blvd, Suite 100 

Dumfries, VA 22026 


48 








2 =e"3002 1) 


6/02 99527-200 « 






















































































































































































































































































































































































































PY 
- = « a 
— - pat a oe | 
ny ale o as 
= ae Ce 
= — -=_ oe 
cy 5 
ad - sl a a OT 
-_ =-=* O oy . rs 
- Ce - * 
5 = a ee es 
=i Sy aa a 
Cd a ~ ny 2 
La ~ 
a 
- a  d 
e Cd CJ ~s 
Leda. el 2, t 
bo} al Se ead a = os cf 
~ er - 
a blend - Le die ott Te eed 
ars oa ” ape 
= « * se Stile] cd . 
SE aa es =e “ 
Ls Py a ok belt hk a ae 
ans ~ eS 
as ear) ee 
~ ot a te ie 
Ty a - 2. 
“ -= a CY > 
ed a Se 
“we bal et ee 
L dd. Vol OL eax Gee ae ; 
bah td ek a ore pS aan Py 
ry Leelee Pe a a id ae ee are | a - 
i= a Pa e " 7 ee Sam a 7= OF ee ay a oman va 
ba ae Sat om we te °. 
== . Pied °- Ce = 
ae Tae ae ea Sear ald nd aAtw es = ~ = = me fs ns ¢ my Aa 
are. » 
er panes pet beer. Pn ay bel te oe i eT a ne 
tte atti) bk eed] on a ib Ca dl = a ae ae aa od - Cd 3 a 5 
Bia g aceas . ae: at ea 5 Ro Ee a Peer 
~ * S 2 e -* oY Py A, ih i Le a a ey = me ey eye =, 
ee a - or A = em me et ee a Ps es = es 55 (ie - 
ol Gol os x e , a Ape TD Ob al hat atten ee LT Oe ee a - - 
— “ emew ra ee cts sof iE = th tae eS ee ee Sey 
ce ee | re ae . “elk a ae oe ey ae a ARP rr 
- —— ee ae Pee ar ro ‘ S 
we oe & Pd ee ; 4 = 87 o oo ee . co 
Bap dls qe Fe mw Ps * m ° & - Re etd ay a) a pedi at TL ae = Tare os ty Poe fe het Sg ‘ cael 
. 5 = « P Pe ACh SO) | CC are fears i eee 
= Ln = Roel Mn te “ ae Or ee) ry ar mY Leas PL ee. ee eta Sit nae oes = lel J bet te tl al OY 
ms im pe Ee ah > ny tf . ee oy e = aoe oe et ee ee oe, pet nl Ps ame we 
by ape reine = ta ee oe aes. ae oo On ier eee Wet Cen ei Se as ke eee amd 
EN bl ital A le tat ee ed Ae ae ae A A nae P - . a el ole ee Pea be edihent 1 ad 
ol coal elal ae ee Pk or ee ne Oa Sey eae it < = ee ee ary el “28 Me Cesc adalah a Nal dae de 
Fe iis ee Se - Rite ae set SS J a wre a) oer e aS ei ee cola "hea SA 
a a a Vi o! t to . “e= 
* eel a oa eer belt ei Batt a . Ce ee nee ir “oz etd me 5, 2 ee Pars oa x eel Eft A aa ry Pee “5 
= we ~s =F Pips Ae eri . Docleditil bat aT e -«@ = oof : Sd ° - rt @ Cte es 2-8 ; page ee 8 Awe 
eS ere Fee Mee brea iat CE “hee mee 8 me A ts re Ra a) ° Sees re ese lacie aL 
ag Eien pee pa « . hae oe ea 2 Sinks estates a. Cy ent a =. 85 ath aoe aa at Oy GEE | 
Oye oe pe s pean iwc baa hal 3 oe = ia : Lt hd ed ie Sh Lael Ped a "ee. 2m 6 Prd bpp . 
CaO ae ees napa ae oe ee ei ane fs 3 ee ey ee a es ae eee x . goa ny hac it Nr reeled gate P= Pp pny Dap ets AI 
— Dial teeth ate a é = Seseer iat es “. ae 8 a = in scscues - Cr) edd 
“ ed To er ot oe el ne 4 P c= © ater, . ° . Re Peart x eS rid S = a F 
» colette bis Ce heh ee « oo ry Sia ed et rd —Bagehe eS e oe bal dll Me bs od 
Se eres aie tT el Lo hl L=te =e. i) el a PT Fo es ee sala a ping oss Th) bal ad bid “ hte face edt 
=a ‘ me 8& ane a es ts ee | oy a Y ey mlsam ela lms anielsteree f = Boe SA Loleel hae eal tl 
maiee Se a eee Sr ee tL a a= = rene A F : er = pg eee ee ai moe Ww. ese 
a Td ara Pe _ ton * - aa 4 Cr J _= ‘ 4 = ei P * de ee ty 
mayo Serer oe ree ae ee ai Eyring Selden am eon 
ae ph canteen EL te 3 ee eet Te oe ee er er ae] oe pp er ° 
Famers ba - ar) ate eet any Stipe tee ae a HN ys 4 ree ee ape ” id pap ms 
= — of i | . . ba . a a 
° Ce ed Car ae ee = a. ee 2 oer a a oe eer Tt ye ert CEES eit wed ile 
santana tel Be ea ae = ; s PS ay a awe ey Get F Reueer Ms PST pero) See oa wee Cope S a 
ae phe OO Tom en) 5 oe : P = d as ay aed Part eo) Gritrtnenaethiadie tee Cea peat eae aie id eae pcan, Pe 
san ST rae een als ran i eanlinah © 5 . 7 ary) oe a ay iii eda Ld Ne eng diel ei cdd te ee er eee sachet tinal ica LP EY a ee 
Zi aoe oe Reet! ral ama eee a ? U er ae ° eeaaeae Pr ee a be aad ated a elatalld alt teal aaa Ta ida dead ee) a elt) Sd ee ee ee el td 
- - ait =. -s P ~ ss a ° be . o* d 5 - — = - a i 
pata pide papa agi ee eee rit - : pelle cs ; : a a eae ie etre er ey Poa Pear hob ae os geese Be pied = Lea ats eae eee Sanat en ee 
a Se a 2 * th S a) Ct a ee ree a . 
lalate bet ek LP ee ae ey CL Ce ee | er eee Co on ew wave As Sa Pos a S aed od ce 
oo a = Bh a be ee ee , o 0 bed e ars eer yaar be SS 
eine det re Pee erie heeded pg SS ie ee ore Sei 7) ip top onireh,  Bls 
- tet Reh ee Oe ee S . ee tt ey yee Fy x a i ; J ad to - S~ A+ Ce eine 5s 4 a 
oe Sa aa . 5 . c od See 1. “ pa eae 
atin = Fee oleate di dail ld) oe ee pe eee Me ae Aho a ald = lien Panta ms a Pes ee hae . Oe. ae . ee ee PE eine ata, SS ee Pardon a ules Sate o 
= See oe - pire aoe pie a ’ is Bei « : Ti Le a or2 @ 8g At ow PY ° F. ay a br = iS =" os ee cd mah? Aes tg ah ae ee ey Cie ae me 
of ia - 2" Phe - = ra a4 o ee 3 anor P re - =p nS Pere bee ts . os tS ~ 
Fees eT] ee rttetles late Pen eve . PS Ae ar aaa re bed ar = «e- ed Cet) ery eal Sy Pees Pe Serer ing hehehe nee at aS Cee TT 
= os Seiad ee remoes abe b hln h ea ec 4 * 4 PY ee S . ar rr i Ta aaa Md * lahat LT Le bt hel ie a3 eae Ra pa re ad “ 
-=« ‘ a = - Es or 5 * Th . Py . f 2 i a - 
Se pettats cela gi ee ahs Feta en Goat Menu ACY cg fae Seer ed De aeege elon Bowe Nate oC a oe Te decree I atta et ak et 
Ph epllehtentee . W ad i To ra) a a Flite! lh Read ro Le td Ri eg aT o Me sae agen pepe ppd Lox PPP tell ed ateehel nt. ia). i I, paar . 
Mmanco= ste re Pe Se | fe = ~ « Ly et) Por et] se el aM eeth 14 ar * a 
a Cal a a | ee 2 Ler ore] & i 4 = < bated 2 @o8 eT men fF PR Reel te 
et ier eo ee eee = , 7 ent Pare yy BC Oe eae 0 = ie {ice ta deallad ann ee pi RE Nc ta da Ble a CO 5 ae ree Seteniniy oe once ms 
o== el thet ae ee eT Pr © shapers a Se ee mS a ctw ee ms bahe OO Ch hd pti 2) 2. teat et. ae ee =e cee re St wt ae = 
saphena eee os ted ee ee = Oe ee Pd hae ak PGS aes Ti tye nate aa ee — eh 
Sina Na fied alee od alt tn att IP hd sete Re a ae ele I ROS ne ee ds peers Sd ae Ti ee tt ee elas 
CT be ee et aad ee eed eT eo Tae row ow o ™eEm me & Fey wr TY dh ied Se ae Lal’ al CT er er, een ie oer ees a er re ae Adbpdd So Lelie * 
a) Celadon, linn gh et St lg soir i : bh bl a) ed aT Lo Elta yet aha etic tela et s Dea! i nhctel batched sa lee let je EE TT acest sen gigas 
we teed ah i Lt Pe ee a ae Ce Td el ed lel LT bee te al et Sat a, Vt eee a er ek ree ae eas 5 aed iM Ree ih 
oe Pe) ee ey ee ee a “ seers. chia! a” laa ad ded titi oS eI hat lated nie a bteemat anon och ee So 
a CO Lh ee er Ty ee dl elied ted ~~ "-=@ bal pea SMS B is ‘ x ed BO Seo Pop atpasteet O @ -Nte ase A i ad re a ma. 
ete ee ete , epost Ee 4 bee Jaa eh ad tech noe ei te ene betta te a ES eS ea Tae 
o Ce pre ea aa. S iy a ra . ih ile Edel bs Ce ed ok os a er ee 7 Meg mete Oke cam 
GJ ~~ 4 Ore Mey EI Se Lhe hel ho # 8 abd ar ® cl eR, OU ge Ls Or te Ohta ta ee areas 
x oma elena Eps. rs P Pyare orp ees rir) =RMw PES. 0® err as De Pan ee Pe ee Pres — 
~—- CY , eres oo: Say thoes ea 7 F i ee TTT ee eR ets tele ein at et ey ee Stee) © met ames 
th ata = a. Me ee Ser tech ea lb ee a Pe eee ~ 
5 ’ coy wre ae t t ’ v at $ ht Tel chanel sage Bes lien ee ee 
oO N LY a) ov etal bi Socal Tt bel pi “hele iP Re Phen. <4 “hes ede lata a ee TP bleitettal ath el eee a SEE otros 
= ol dba Sa Pe toto 2m er Oe ee ees ee z . 
— a aa . Oo << 4 HR Tel etnlan ew eee ee = 
ee Oe eetitte tah e . S pei Hh De aah elite Id biel hd ettlaie it re ttt es edi tot a nae ipa RAs ae eed 
—a PePaegtet= « “ eT roe es rr oy PP de ae Le hal ee oY Py ee bl a en tty Pere eRe pes A Meg clip ts cd 
bd = ps . a o - = , = = ¥ a beet tate en 7 o =4 
—— Sanaa eas ma gn Te x Se tos =~ coe be Ra mp api be lrdephitn es atta bel mee oes tied een St RT ee eae 
wT ry CS a a 5 o = or a a ee 
>< ————— aes ea eaee Pe TN rae eae a Pr * a = er 4 P Pa ppt ppard od = bee hh tad de | re a | dithetd die tae 
f ad a 55 tea Ted el ad td ad oe ee ee oP ee e % as a Pe ap aed peat oy OO Me ee neh ofl el et plete tered bh dn ne ae ee 
— © [ee rr ey hype pret weet 1° Oe UeSOm «6 te Ohne wate = pa ey “ ed es Pegte Bee, Sao aS aie pated tol eae ne a ee) boda chit gee Le 
b an al eae ie oe ee) ed a ae Oe ta oe od - Sos - a hector bile teh he = ed ade lt Laden ST ae oe ers [es 
2— CO . ee ar Beat hry oh eer ii Pa 5 Ps 2 gael ‘ dd BS OS fee eee mae PP ethan ST epee Sahel ad 1 ee Beetle 
e wus ear) -e - a ee) a sf 5 fs ai diate a ee Te ee Oe ee ery 
= } —_____- —4 Liptay OREM, me eH Rees \ sd de dl tate | . he hpchhlinfedetnbg tal anan telah Sed iti bie elle tt kT been tet Nee ak oS = aa gee ete Cher siinese 
__ etd a teed pee td Ad Lee Pat ee) ° an tie ete bateh el tetthd he adel Sd DF tet headband SE Pt prctelpinialin dale arpa Reed ne Ee OC HE er) 
_ CO Ce ce eer Fed oh et er en ey ee ee Pee e Pre ee rer a es lt ee kat TT) eee oY bahia teetllinde Lilet bpd ble et) Ce Pod sd oat inload tes alm eh Te Oy ae Cee oy ener oe 
————_ core ey Ores y Pere rt. ad) er Pee ee ey) ra.) Ce eo) i . beste let aactig ee? |S i alee eh hell taht teehee, We oll oi elt etn ete Sd anhalt Rnteterae a ee Voqens fou cxpelcus* earn Ee fe 
: lh pre Ome) Sem, errr ys) Se tate wi Gam’ Or Ne Beene £84 lan) eh ee ef yh on) ete LA ee ed hott dha ee Pare Pimogse™ -© Pole en ee PART Sioa pa 
es ee CO ene ttre et a a eon = ee Pe ee ee Pd | eo rd) te Ae) a | Ct et hd ee ee pie Et ek ad) eel Lt eee | es hl ee ee bl all ed we® te eee ~~ 
“ ——— re or . i Oe, ok tr or oa - ee owe Se eh lela ee ee oT te ed Cee ml added ol beta lichdnad Palio ~ hd Meal ol ot aT ey Te bell te dee ne ntl Pe ae ehh Adee t ca ee ere 
" C * eer ene Cie et Cee yy ees o Ce eee stilt Decetatepdes- cis Lo. ta Pe 3% hs nd >a 
lame) h rf ° oT ye, ee wo e ry Tt o A Ween Pay il il La ee ee bs Pa 4 ys Tt tint Tenia stented Lo pat ee | es J 
we. Pa = a nd rf “ 2 ate res 
= = tel bed SEs eT = Pea eae ae | ioe sae Pe CC ey rT | a a o A * bd » re oe ey Cd hehe be dah Tada inl ha tks Pd ere rT Pere lat pe Speen f. . 
pre See CN Apel re are ae ery i. Ln “4 ger re Dime me Poe aenes Sr PP very amps Boe Ketan nse’ OO = teen ee hth eh Ml elt aL ol Le Le Oey ae ’ Fs paar adit Ey foe ideal 
8 EE ee -* ery PTY pris ee cee is co A el de de oe Se OE ee ST es a pelteghodilh bl gl leita Ee eeek ot ee ere ee imide tal el es Renato 
r dL ol a ee ry er) ry he ih ee Le oe oe ee ner peat eel tench eh teed. Tt Te Ee we Pars he BE Cal pte a bole 
———— OT os oe ad eh ee ee err Tt et a) ee ie es oer eee weet? ee Ce Te) ey or a ae: oe a ae ey eee Te ee Le adel oust tee Sipe Dect 
= cy TE 5 ED Pare see eC ee a Ye a ee weer re Pky eet toes eens gat sere Fs Poel co Agsreen Renal Bikes 
—_——i oud a * Ot ae Seer) Pra e a aT . peed he as | i ah eer RES pee es =. evaneas mae ore Portes a bphateahed tote asta ee eed 
a Wid al ate eT) ee PT ee ee ye * rie elle aL Ce a PO Pr tales aiote Pep. ope « F om tied gps relent led a hy I 
— " peddle L tebe tT) = RE Sere. dees rie = Exe Neuen iet pak ; 4 eae i bededabedidel Tie ee ant Te Te 
= ie St Loh Tih eit et Lie ed ! O bi if cs obi A 5 S = Ad 
—————— on ‘ or CA Senet PAT 7 Le et ro ert CT De i eee oy Ce ll Sehdenbs Aci Breda See bet tal 
———_— 2 ; fs ae hte 2. bs ee ee ek ae ee eee Pee) « ld pe bedhead Sel aed eb hE rat) ed PPR e se el 
——=ai re a : a Pe rp yell 
= heli th a tie a tee ee etre ey ee) ee ee Pe Pree i a tite De eat te elt ee ot oe » billed obetid hl, Salted plete deaths CRT eT Le Pj 
Spas : Pere. ie as pated pees TT ms . i Ss i Pao aia rr Par oe) Ce al) | . es Peay ee. ets Se el de) ed pa be ae Dehn deel a er ee Were heke ey : 
brett ott atone PLT Ph Re ek ee red Pe centre « atee bahia ET hd Be eT eee Sead oe ote sre "Eke . 8 RePceneeetider ove CT ed bases deathahte ee Ape ete “t= Nathalie oma heel + phe piti ! ded at et oe deta been ah 
bpihded tae CSL TL Tee ee  etbbhiehate ie AL ee ee vere eee yee Pee ae Ce ee is Set ean hela i i. (oe ee ad pat ee delet alee ao ot) Sorte | awe, en path tlt «be te Lt eT eee ind SF Tet ey 
: POPVG ery opr eee Fe/ 4. rt ts 2s mr be Pa) a ord . a scans eT tata dade) Si oe adit Bd Let Nags headity! eb ef ai tabla deliechedel ett alene ee bette Ot tele 
: Se es f De ata tee CR yrs: aie Pe ae ree oa a Lor ley) a a Sere SE eC eects Whit sta oe ee PAR tn tet en Le Tt ir ee nr tag 
ow eta eee bes : Peony acer Par ee o PO tr ee ae) ae ih ht het Crt Aa Lit Laden So Se oa alata hat pegleals ites ah aot eRe a ee ieee pe 
ated rt aoe. ee R he eh te | eee) eh tae a a ad ye ve he z pb Rae ear a Bias FP po et hh + elleaebamdahtades teal Re SP ae OTe oe 
id / oe te ed a ed bt Ah 1 Balint P 5a arte pd pcan ee a PP te ee es BOS im Re on Peete tse fat oar we Sete pth tented inte Uh bebihterd at hedetel has Le 
ay ee eT on my @ . - = f ~ = : ry 
neh Lik Sa ates oa ee a) he) ee Te ttt ee. ee Caso tt eed 2 gee ef spike itede a eat 
a gy thee Pn eet a tee ae bleed beet ertnattah theta hah oti oi) Le LL ie a PO PP = peso en 
pts bs te or Pry ed uae eget Paes 
oe a a an Dia et Ria hel eli LD a than, Siar ean geet aelih Se ip ptt ata tt Ts ep 
Kp e Pn WS tet a penta dala hi, dled Mahal ep Sai male? Coy oh pata ed 4 a ek to Ly eee 
PY ae ie oe 2 on Ub Ty tae te To Pe ee heft d te agape Ai Sr agar ea BT ee en eee 
Se Ret ee to ea © ebeer cc tare Soredaqer idee ete a had bd ~ ; Steet kee eT 
ey re ete oe tt at ie ton i. Cet et ta errs fehl dapeeetic te a Sa “toda MEE ae Spa eournetoeee barbehatataliie ta hates sent ne 
OU wre cpyee Peceaqes ied es | te aye ee ee ee eS TY Oe la 5 « hint be . Pot oa ve 
raiisfertel baba it strah Iak ad Serra Hai eee passed eld abd pei ELIS) heh ae et Trt ot rk Sees Pete ry reer eres akties Ltt TS oss H Lr ot te 
190 007 eee SS PIP hears Pare ers re, fo os te ae) Poe er so Lt kre ee rely. aeha Adeeb aL er oe. atte ks trl bat tee oe Rpchear rds deoeeh 
eS ee er ae Pe oT a One ear nen CriOur tye tbs #0 . me " Pd ah ce ofl ows phe AE Ct ie ae. tent eee oo 2 peep pals Del ha de) ' Pr eee 
Peay i Aa erm Lede eed Ab ae eee Cree dT eek ey ae Te ; bah dice tap L poaiacae ‘ ptt K IK Leh pee topo acaba Ps baa dada tate ee Par os 
he Font Sd chai etree eye \s Wanna ciwat sierra cee en OR err ro we rade SP eneawe re wneee ve nth) BEE cobb a se td pele ar PE tata ais 
* Pee - 0 © 400 tates tongs o he ee eet ee cbt ee Le Seren ee 5 
e op reat tee ane, Th sat het de AY ey ‘ r} * P Ps ete tebehe Lae) Sete le he ae eT on) w 
m Ce eer ee, eee ees ee ar Ps ee Ae) ee thd ee er 
ay ee FOF Oe aun qed et Pau eee LI Ta Pn eek) eee game. = pe hetvtetiedhmstdtdh te et) pe De le Pt a Th eee 
rary ony try eter Sey ibs ip add. oT ok ee ow otal bra eo bas otal 5 Re atest) agtee Redan Cem n at © ne Re RAEI Nahe Oo byte Andean tea ror Le ee ey a 
bef ee Ca a ee 1 se A etl nt Rl Naat aba : 5 eae = eg eer sancaae we eta ey bah beth al} hcetedth hint etn ttt ea 
m ied e ° Ss Sheet ieteel | Che ad cate { dedeabat.| L hry ie =Cemce™ a, me ome ot @ aS 9 a > 
LF eee ee a ee | oe | 4 bch! LAME LOL eet ee Lr) ae badd ode payee eee Md oh) he ee Tey 
a t ume 0 ey anes Rt Ch ° vahaltaed a! : Pedicle SM Td arth epdabestttee a, pithtindlon bask att re Ll he a et ee r 
Pe TPCT i a, ey one oe yee Oe ov | are yA Ci. ne ee Ty ee ot ee lk ned Seealliehteeetal et bel teehee Bog barat ——- Lah hd tiple noc ade CT aT a pea chat gs 
z ‘ AH aos eer eee m8 ae er nee ee ee Tn te Pehl Oe the tested Lae (ee Labt Fe pew LBww Soweto ip Seow tats Rebreediw dae ee ent 
, . arr an , é A e ; A pS 
ar tae eee ta rt arr er - eth now Cre oe i PTT ee ee 
se . = Ee Pere aes head . a eeWars phd a nal 3 he bod pAlipee a ye eer eee TPT Ty Py Pet ae eon a Hee Be CS eer ere yr Bret, et tear ee et Cae ane 
both) ee ra ie D 4 wee bbe eee FL LTT Td a. a ied pe n a pes p ics x OE Prat a ee ee so ee ee, Peet £ ea Ow ae tle et tt er? pee ee re 
“ Oi eer ae hGAh bit hth ehh Le ee Cl alt ae ere ee Del let) ry Delite Nt ater nate he nt tt TL ee coow ie ee) et Ler | bathed de ate he et ey Da ceate®e ay. 
ey md ie tg irre d Ot ee. ey] rt ee Ase ety ° se Oa Blast eng, a . werent 1 wv 
bath eater te of er bts hit rt fe erat ee rae + aot A aA Ud te a Ootene, Peo ee F Cad pe ctehet bFe> oulalotm eee ny | ePowrie ,. 
= we a 0 Pe td ee Le i dele) ere oe co 
, : CL t Bled abs ey) eed te een de Tee ed ee 








A Lae 
bbe ce rh a 
Se Ge OV wee 


Ll ok de tT Td 
Bw Mop beet ol be a ee 
a be beelihendacee heed tat et} 
ededlilbe dell) hla oe tt te 
et rel ter ply my 


ee bs 

. wt eee ee 
Oe Ce ee 

er 








4 ne Ue Pe ery 


SEU eR Me gk teh ae, 
Siena) 





SeeoRe 12.0 oats Ph 
eh th ne | =tadie we we Lh her aE ETT tere 
dll ee STL it hee ee 








ee) a 
et eee 














CrP ar eee en 

ee eto Terie ei 
road Lie eel. ye Fie te} 
eh ehh ee! Tei ree ety 


of - = = 
Qe Pee ar ae 
be . 
. 





ite een ee 


ee ed Lead 
shania dhol Yi 


pike ah ok tee 











































bind deleleetnndk int RE CT ere te 
. PPLE Tynan ay paseo apealid 
~ Pr eae 9 SO RROE ROS ee RE Pee paced 
rs i ee Se OL? a) ee Py Deere Pir ae BE bd 
bap teh bene hee Ar a ied heen Chet Ok ee | Seth itech tet LS Pe ee 
I iad la . Ode Ne Lolitadet Mattias Cote Ls ee eT Se Te) idle heen th Le ett ee tee 
ery . 4 Ps feo « Ot) a ooh ht TL? 
" : 3 4 e rt Cee eT et a ee be ble ha) 
enema atest epee eogiapeste aloe ny neha eedt a : : EAT be leet ht hate 
wea wr Bar pert ps ore hd ee De ae!) ee Te TS a 
er! Pere cir) 


rd 





=: Cran) aed a ee Per Ce a | ee ere” ie tS ee) 
ewe el eT oro | 7 


? 
Ce ed “ 
Chel snail cae} 





eh ee te oe seh ougy tee 
SD Ce a) Re 
a 


CPL De ty ie 
ee 














CO a Pen begun Oe ed art Ce ee ae ee eS 
0 Ome o™ erat) oe ar we 
C¢hh ete atts 
Tee AC ie) Ae Stohr) 





= ied Teh) Pot ees a ee ee 
; rer EEE RAAT ars Pe ay Sepia te a 
‘ - ee Se Tih eee ee ee 
acieom re : i ’ i 
ebcuhesl whodeaae Leet) oe Reds Gams D., er 
Srey tod a benhierd 








ON elated tet id in et 
Ch oe ee ee oe ty Ch Ame 
Ch, a i A ee TT Sat eT 





Die ee ee | Vervhrul lewewes 6 oph 

ta Le © PEt Metres oct gies 
OTA eee Cee ereses 4h og a chan 
Pel ote tt eee ol Py 
Cae ee et ek ee er] 











pineartenbhee Loe eT er ep pee) 
fh bitedemsieh atti tte atT | 

= het behh oie ttt tet 
felted Stel efafett Tee tit Rep teeth 
be dumed pubdate tine) 





oe 
oem) ties le) ed 











ori tiie Lt ae TD eT) ee, Pe ee 7 ree 
Ce ee 






















































5 Aree 
Od he ee yede ont & a 4 
ee e 6a ray oT YY i Ott he) eae ok td oo] cll ie 
at : Re ail. te oP - i a PT ai on rid ee ee Pe oh ee ey Pe ee ee ere Lei tienda St Lin a do a " h 5 y be sete oh dal and biel a 
Tea alas ion + alll « - ° TE ey eS Ct a ie pdt pale haat 4 aretha Se Ps ietes errr a ¢ befuhtaestabtaedhnt ty be he esd de tec ees bh een 
>? a a C7 a J 
a wen SS * Teae td te A ets | r ; . pane . oi 
str a Peheod i a eakas li phy laeig ee lg i hf rs a parte ly pel peti rae tote mika ea thts al ei ; ie rhe pee , 
é : j . ae oe a . a : > Leesa mm be 
Pe seh DA ch bt sp ham hae athe Patetageten 2 i ae AERA aes ery Ft oF Bk ha Lb hh Mere ft ee ee ett ee en 5 A ; pepe ata bape 
plete trnat bated 1 taeda haa y n see ve te ca he. rer a “abt Pera o gL MLL LIT Lat ear teh Re eee rarer ener er ied CaS peepee rae = t “ 
Stpstreh oo ™.6e0 ae C0 woe coetee belay = tC re P pier lia Yi, eee ie) Te tire ty eee Tee rs Serre perms és 
ond reer rTP . 5 - uae i F t oh er 
hebd apa Sitatedegid if nape gned dh TT eee PPP Y eT ee te TTT) ewe oa ° es r Cm Lear e F niaies et ph he erg oamee AU SNES AS RR 
bart tedhdt Presteied oon at eee 4 te ee | Prt) « Peer 3 ss PI ae P Me a i ae . ep - ae 
| batheciies feats nee Pe wee tetesle 5 a? a a See See er ae a Pe yor) eee te Mee ee TY NS 
hedea Co CT ere te et =e Pit) ere | Se ee Ta 
Sea 8 dee @ A det Le ee 


a Me | 
PS pas ou 





